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METHOD AND SYSTEM FOR GALVANIZING
BY PLASMA EVAPORATION

1. GENERAL DESCRIPTION OF THE
INVENTION

The mvention relates to a method and plant for the plasma
galvanisation of steel substrates 1n the form of sheets, girders,
plates and profiles, with all types of cross section, but also
parts disposed on supports, for example hooks or metal bas-
kets, transported 1n a treatment zone by means of devices
generally of any type such as a bank of rollers, or a monorail
transport system.

In this method, the substrate to be treated, aiter having
previously been decontaminated by known techniques of
alkal1 degreasing and acid cleaning, followed by rinsing and
drying, or decontaminated by mechanical abrasion, for
example by means of a shot blasting machine, 1s introduced
into a plasma galvanisation plant, the subject matter of the
invention and functioning at a gas pressure below atmo-
spheric pressure. In general the system functions under argon
at a pressure ol between 0.0005 and 0.05 mbar (0.03-5 Pa).

The plant preferably consists of a vacuum airlock for intro-
ducing and possibly also taking out the substrates to be
treated, followed by vacuum treatment tanks, and terminating,
in a vacuum airlock for taking out the galvanised substrates,
or a storage tank when the substrates enter and leave through
the vacuum airlock for introducing the parts to be treated. In
the latter case, the substrate moves first of all in one direction
and then 1n the opposite direction within the plant in order to
return to the vacuum airlock of the latter.

The use of one or two vacuum airlocks for introducing and
taking out the substrates makes 1t possible to maintain the area
where the treatment takes place constantly free from air,
which 1s a fundamental point in the correct functioning of this
method, 1n particular for avoiding the presence of any oxi-
dised interface between the steel and the zinc and thus ensur-
ing optimum adhesion of the zinc coating to the steel.

The plant according to the invention comprises one or more
sections for activation of the steel surface by 1on bombard-
ment erosion. Various devices can be envisaged for perform-
ing this treatment. For example, a device for magnetron etch-
ing of the steel using magnetic mirrors for confinement of the
discharge around the substrate to be treated as described 1n the
document WO 02/12591, or an inductive plasma source
coupled to an acceleration of the ions produced by a DC
generator by biasing the substrate negatively with respect to
an anode facing 1t, or the use of 1on guns. In all cases, 1t 1s
necessary to be able to control the power of the etching device
according to the area of the steel substrate passing per unit of
time through this device, 1n particular cutting the supply to the
plasma activation source for the steel substrate when the latter
1s not present 1n the treatment zone. This 1s because 1n this
case, apart from the unnecessary use of energy, there 1s a risk
of damaging the plant by heating 1ts walls. Conversely, 1t 1s
necessary to be able to trigger and progressively increase the
power of the plasma activation source when a substrate enters
this treatment zone.

The plant also comprises one or more zinc plasma evapo-
ration galvanisation sections. This method, already known
and described 1n the document WO 02/16664, uses a retention
vessel for maintaining a certain quantity of zinc in the liquid
state and evaporating it by means of a plasma produced 1n the
zinc vapour by biasing the liquid zinc on average negatively
with respect to a counter-electrode that constitutes an anode.
The retention vessel 1s supplied with liquid zinc via a feed
tube immersed 1n a reserve of zinc maintained in a vacuum
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2

furnace situated 1n a vacuum chamber, 1solated from any
passage of gas to the galvanisation vacuum vessel and in
which, by regulating the gas pressure, 1t 1s possible to regulate
the level of the liquid zinc 1n the retention vessel situated in
the vacuum tank where the galvanisation takes place. The
plasma produced in the zinc vapour 1s generally obtained by
means of a magnetron discharge. The zinc vapour tension
above the retention vessel depends on the electrical power
dissipated on the surface of the liqmd zinc and fixes the
weilght of zinc that 1t 1s possible to deposit per unit of time on
the steel substrate. This vapour tension may attain several
mbar corresponding generally to a mass of zinc evaporated of
several kg/mun. 1t 1s therefore essential, as already described
in the document WO 02/16664, to provide a confinement
chamber with heated walls to prevent the zinc vapour for
contaminating the whole of the plant by condensing on all the
cold surfaces, which are generally at ambient temperature,
other than the substrate. Entry and exit openings are provided
in this confinement chamber in order to enable the substrate to
be coated to trespass through it. The zinc coating 1s therefore
obtained by condensation of the zinc vapour directly in the
solid state on the cold surface of the substrate passing through
the confinement chamber. The temperature of the surface of
the substrate 1s typically less than 150° C.

It 1s therefore advantageous to be able to adapt the electri-
cal power delivered to the plasma and dissipated, via bom-
bardment by ions 1ssuing from the plasma, on the surface of
the liquid zinc 1n the retention vessel accordmg to the area of
the steel substrate passing per unit of time in the confinement
chamber. In particular, according to the invention, this elec-
trical supply 1s cut when no substrate 1s present in the con-
finement chamber and, conversely, the electrical power dis-
sipated on the surface of the liqud zinc i1s triggered and
increased progressively when the substrate enters the con-
finement chamber. This 1s done so as not only to ensure a
uniform thickness of zinc on the surface of the substrate but
particularly to limit the losses of zinc through the entry and
exit openings of the confinement chamber when no substrate
1s passing through the confinement chamber. This 1s because,
apart from the economic waste of zinc and energy, the zinc
contamination may seriously damage the galvanisation plant
by plasma evaporation 11 1t 1s not controlled.

The result of the above 1s that the treatment devices of the
plant have an advantage to function 1n an identical sequence
when the substrate 1s passing through one of the treatment
devices comprising;:

powering up of the treatment device when the substrate

enters therein;
increase 1n the power supplied to the treatment device
proportionally to the area of the substrate passing
through the treatment device until the nominal operating
power of the method 1s reached when the substrate
passes completely through the treatment device;

maintenance of a constant nominal treatment power depen-
dent on the speed of passage of the substrate, as long as
the substrate 1s passing through the treatment device
from end to end;

reduction in the power supplied to the treatment device

proportionally to the area of the substrate 1n the device
when the substrate emerges from the device and is no
longer passing right through;

cutting the electrical supply supplying the treatment device

in the absence of a substrate.

This sequence of start-up, maintenance in operating regime
and then stoppage of each treatment device during passage of
the substrate to be treated, 1n the plasma evaporation galva-
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nisation plant, prevents contamination and saves on energy
tor the plant, according to the invention.

For reasons of flexibility of functioning of the plant, 1t 1s
possible to use the substrate to be treated as a trigger for the
various treatment units 1f at least one presence detector 1s
situated at the entry and at least one detector 1s situated at the
exit of each treatment device. The plant according to the
invention therefore comprises a detector at the entry and at the
exit of each treatment device, that 1s to say upstream and
downstream with respect to the direction of passage of the
substrate of each plasma or etching activation unit and each
confinement chamber corresponding to a plasma evaporation

galvanisation unit.

The substrates to be treated, or the products that constitute
these substrates, having through the nature of the application
essentially variable lengths and cross sections, may be dis-
posed with more or less precision at the entry to the installa-
tion as soon as an entry airlock 1s released. It 1s necessary to
provide a system for regulating the advance of the substrates
in the plant, as well as a system for regulating the functioning
of the various treatment devices of the plant slaved to the
advance of the substrates. This 1s in order to avoid the prob-
lems already mentioned above such as for example contami-
nation and loss of energy but also the purpose of giving
maximum flexibility to the treatment of substrates with dii-
ferent geometries under optimum operational conditions.
This regulation 1s independent of the mode of transport of the
substrates to be treated, for example long substrates trans-
ported on rollers or suspended between hooks and transported
by a monorail travel system, or parts disposed 1n baskets
transported on a monorail through the various treatment
devices.

The 1mvention therefore relates to the independent func-
tioming of each treatment device slaved to the detection of the
advance of the substrates treated by the detector situated
upstream and downstream of each of these processing
devices.

The independent management of the various treatment
devices, triggered and stopped when a substrate passes, can
advantageously be implemented by the following hierarchi-
cal management of the plant:

A master program enabling the plant to be put under work-
ing conditions, to be opened to atmosphere again for
maintenance, and, 1 operation, enabling the vacuum
airlocks and the movement of the steel substrates to be
controlled, at a transport speed, for rapid introduction
and discharge thereof from the vacuum airlock or air-
locks of the plant, and at a generally lower treatment
speed during the treatment of the substrates 1n the vari-
ous treatment devices of the plant.

One slave program per treatment device activated by at
least two detectors with the presence of a substrate, one
situated at the entry to the treatment device and the other
situated at the exit from the treatment device. The slave
programs being slaved to a signal transmitted by the
master program when the physical conditions required
for the functioning of the processes are reached. In prac-
tice, this master signal 1s obtained when the treatment
section of the plant reaches the nominal argon pressure
throughout, which is typically between 0.0005 and 0.05
mbar. Each slave program 1s characterised by a similar
sequence ol control of the electrical power supplied, as
already mentioned previously; startup, power increase
ramp up to operating regime, maintenance of operating,
regime as long as a substrate 1s detected by the entry and
ex1t detectors, reduction ramp for the power coupled to
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4

the device, and cutting of power when a substrate 1s no
longer detected by the two detectors.

This hierarchical structure for the control of the plasma
evaporation galvanisation plant constitutes a particular aspect
ol the use of the installation according to the invention.

The great advantage this hierarchical control of the galva-
nisation plant for which each treatment device 1s started and
stopped independently by a slave program when the passage
of the substrate through this treatment device 1s detected, 1s
that it 1s possible to reduce the unproductive waiting times
during which the substrates enter and leave the installation
through its entry and exit vacuum airlock or airlocks without
modification to the plant control software, simply by increas-
ing the vacuum pumping capacity of the entry and/or exit
vacuum aitrlock, as well as the speed of transport from a
loading area to the airlock, or conversely from the vacuum
airlock to the discharge area.

When the transportation of the substrate 1n the course of
processing 1s controlled by the master program, 1t 1s therefore
necessary to use a speed of transport of the substrate for
moving the substrate from the loading area to a vacuum
airlock, or from a vacuum airlock to the discharge area, which
1s as high as possible and therefore at least greater than the
treatment speed used when the substrates pass through the
various treatment devices of the plant.

2. DESCRIPTION OF THE FIGURES

Other details and particularities of the invention waill
emerge from the description given below by way of non-
limitative example of a particular embodiment of the plant
and of the method according to the invention with reference to
the accompanying drawings.

FIG. 1 1s a schematic representation of a plasma evapora-
tion galvanisation line for steel substrates according to the
ivention.

FIG. 2 1s a schematic representation of an example of a part
of the plant, according to the invention, comprising three
plasma treatment devices.

FIG. 3 shows a typical arrangement comprising a device
having a vacuum tank with an 10n source and a transport tank.

FIG. 4 shows two galvanisation devices, each of these
devices being preceded by a transport and pumping tank.

In the various figures, the same reference signs relate to
similar or identical elements.

3. DETAILED DESCRIPTION OF THE
INVENTION

The plant according to the invention comprises a batch
plasma evaporation galvanisation line and 1s composed
essentially, as shown i FIG. 1, of:

a zone 1 for introducing the substrates which may, as
shown 1n FIG. 1, consist of a bank of rollers for intro-
ducing long substrates such as steel girders. The sub-
strate transport system 1s a system for transportation by
banks of motorised rollers. Naturally other transport
systems can be envisaged, such as a monorail transport
system for suspending the substrates and transporting
them from the zone 1 to the various other zones of the
plant;

an entry vacuum airlock 2 that makes 1t possible to keep an
adjacent treatment zone 3 continuously under vacuum at
the required argon pressure and thus avoids contaminat-
ing the treatment zone by the introduction of air. The
argon pressure required 1s typically between 0.05 and 5

Pa.
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several treatment zones comprising a zone 3 for plasma
activation of the substrate and two plasma galvanisation
zones 4 and 5. The zones 4 and 5 being continuously
maintained, 1n operating mode, under partial argon pres-
sure, preferably between 5x10~* and 5x10~% mbar;

an exit airlock 6 for discharging the substrates from the
treatment zones 3, 4 and 5 to an exit and discharge zone
3 while maintaining these zones free from atr.

In an alternative embodiment of the plant according to the
invention, the entry vacuum airlock 2 also serves as an exit
vacuum airlock when the substrate, after having tully entered
the treatment zones 3, 4 and 5, returns to the entry airlock 2 by
reversal of the direction of movement of the transport system.
In this case, a vacuum storage vessel can be provided at the
ex1t vacuum airlock 6 in FIG. 1.

It1s obvious that, when the treatment of the substrates takes
place 1n one direction, from the introduction zone 1 towards
the treatment zones 3, 4 and 5, and next 1n the other direction,
from these treatment zones 3, 4 and 5 towards the introduction
zone 1, the exit zone 7 for discharging the substrates 1s unnec-
essary, which also makes 1t possible, apart from the saving on
an airlock and this substrate transport zone, to produce a plant
with a shorter length.

FI1G. 2 shows a typical example of treatment elements used
in a plasma galvanisation plant. The treatment zones are
composed of the following successive elements:

A vessel 8 equipped with a device 9 for the plasma activa-
tion of the steel surface. The substrate, which 1s not
shown 1n the figure, passes through this vessel 8 in free
suspension.

A vessel 10 for high-vacuum pumping and transportation
of the substrate. This vessel 10 making 1t possible to
maintain the argon working pressure in the adjoiming
activation 8 and zinc plating 11 vessels. This vessel 10
also makes it possible to support and move forward the
substrates that pass through 1t on motorised rollers.

A plasma zinc-plating vessel 11 for galvanising the steel

substrates after plasma activation thereof 1n the activa-
tion vessel 8.

A second high-vacuum pumping vessel 12 for transporta-

tion of the substrate.

A second plasma zinc-plating vessel 13 for galvanising the

steel substrates.

The entry vacuum airlock 2 1s separated from the activation
vessel 8 by an atrtight door 14 1solating all the treatment zones
3, 4 and 5 from this vacuum airlock 2, as 1llustrated 1n more
detail in FIG. 3. The substrate 1s introduced from the intro-
duction zone 1 via the entry vacuum airlock 2, after opening
of the airtight door 14, 1n the activation vessel 8 comprising
the plasma activation device 9. The device 9, iitially not
powered, 1s activated as soon as the substrate 1s detected by a
detector 135 that 1s mounted at the entry to the activation vessel
8. At the exit from this activation vessel, a second detector 16
tor the substrate 1s provided.

The electrical power applied to the plasma activation
device 9 1s increased progressively, proportionally to the
length of the substrate passing through the space between the
two detectors 15 and 16 until 1t reaches the nominal operating
power when the two detectors 15 and 16 are activated by the
presence of the substrate 1n the activation vessel 8. As soon as
the entry detector 15 1s no longer activated, the power sup-
plied to the activation device 9 1s decreased proportionally to
the length of the substrate remaining between the two detec-
tors 15 and 16, until the electrical power 1s cut oif when the
substrate 1s no longer detected either by the entry substrate or
by the exit detector 16.
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In this particular configuration of the plasma galvanisation
plant, the substrate 1s transported on beds of motorised rollers
17 situated 1n the entry vacuum airlock 2 and 1n the transport
and high-vacuum pumping vessels 10 and 12. It 1s obvious
that other transport means such as for example a monorail,
passing right through the entry vacuum airlock 2, the activa-
tion vessel 8 and the transport and pumping vessel 10, making
it possible to suspend the substrates to be treated and enabling
the activation device 9 to be adapted geometrically to the
passage of the loads to be treated, would have made it possible
to tulfil the same function as the tables with beds of motorised
rollers 17 and that this transport means has no effect on the
regulation of the device for plasma activation of the substrates
9 via the entry 15 and exit detectors 16 for the substrate
upstream and downstream of the plasma activation device 9 in
the vacuum vessel 8.
After the surface of the substrate has been activated 1n the
activation device 9, the substrate 1s directed to the roller-bed
table 17 1n the transport and pumping vessel 10 towards the
first plasma galvanisation vessel 11, where 1t 1s suspended
free, and then 1s once again supported and transported by a
roller-bed table 17 in the transport and pumping vessel 12
betfore passing in iree suspension through the second plasma
galvanisation vessel 13.
The airtight connection designed for high vacuum between
the transport vessels 10 and 12 and the plasma galvanisation
vessels 11 and 13, enabling the substrate to be galvanised to
pass from one vessel to the other, 1s provided by means of a
flexible tube 18. Preferably these flexible connections 18 are
secured to transport and pumping vessels 10 and 12 and
clamped against the flanges machined on the galvanisation
vessels 11 and 13 by jacks, not shown. The advantage of this
particular configuration 1s to allow the use of a galvanisation
vessel 11 and 13 consisting of a table on which the top part of
the vessel 1 the form of a bell 1s disposed, which, in a
maintenance period, can be completely removed or raised,
thus affording maximum access to the equipment disposed
inside the corresponding vessel.
The galvamisation vessels 11 and 13 form part of a corre-
sponding galvanisation device 19 and respectively 20. These
galvanisation treatment devices 19 and 20 comprise respec-
tively:
a vacuum vessel 21 containing a furnace 22 for maintaining,
in the molten state and regulating for temperature a
reserve of liquid zinc for supplying a crucible 23 situated
in the corresponding galvanisation vessel 11 or 13. The
connection between the vacuum vessels 21 and corre-
sponding galvanisation vessels 11 or 13 1s provided
exclusively and respectively by means of a supply tube
24. This tube 24 1s gastight and must make 1t possible to
maintain a constant argon pressure in the galvanisation
vessel 11 or 13 typically between 5x10™ and 5x10~2
mbar, whereas the argon or nitrogen gas pressure 1n the
vacuum vessel 21 containing the furnace 22 may typi-
cally vary between 0.1 and 2000 mbar. This 1s essential
in order to make 1t possible to empty or feed the crucible
23 provided 1n the corresponding galvanisation vessel
11 or 13 with liquid zinc respectively by decreasing or
increasing the gas pressure in the vacuum vessel 21
containing the furnace 22.

said galvanisation vacuum vessel 11 or 13 containing the
plasma galvanisation equipment consisting of said cru-
cible 23 surmounted by a zinc vapour confinement
chamber 235 confining the zinc vapour close to the sub-
strate to be galvanised passing through it. The walls of
the confinement 25 are generally heated by conventional
means by Joule effect so that the zinc cannot condense
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thereon either 1n solid form or liquid form. In general the
internal temperature of the walls of the confinement

chamber 235 1s between 400° and 500° C. The confine-
ment chamber 23 has an entry opening 26 and an exit
opening 27. In the vicinity of each opening 26 and 27 of 5
the confinement chamber 25, and 1nside the galvanisa-
tion vessel 11 or 13 respectively, a substrate presence
detector 28 and 29 1s provided making 1t possible to
regulate the electrical power coupled to the plasma serv-
ing for the evaporation of the zinc, when the substrate 10
passes 1n accordance with the scheme already disclosed
above. The electrically conductive crucible 23, gener-
ally made from high-density graphite, 1s supplied with
liquid zinc by means of the tube 24 via aregulation of the
gas pressure i the vacuum vessel 21. The crucible 23 1s 15
on average biased negatively with respect to an anode
(not shown) situated inside the confinement chamber 25.
Generally a magnetic circuit 1s provided situated below
the crucible 23 and making 1t possible to effect a mag-
netron discharge in the zinc vapour produced by dissi- 20
pation of the energy of the plasma on the surface of the
liquid zinc contained 1n the crucible 23. During treat-
ment of a substrate, when only the substrate entry detec-

tor 28 1s activated, the electrical power applied to the
plasma 1s increased progressively, proportionally to the 25
length of the substrate passing through the space
between the two detectors 28 and 29 until 1t reaches the
nominal operating power when the two detectors 28 and

29 are activated by the presence of the substrate. As soon

as the substrate entry detector 28 1s no longer activated 30
but the exit detector 29 1s still activated, the power sup-
plied to the plasma serving for the evaporation of the
zinc 1s decreased proportionally to the length of the
substrate remaining between the two detectors 28 and
29, until the electrical power 1s cut off when the substrate 35
1s no longer detected by one or other of the detectors
situated 1n the vicimity of the substrate entry and exit
openings ol the confinement chamber 25. The term entry
detector 28 upstream of the chamber 25, or exit detector

29 downstream ofthe chamber 25, depends solely onthe 40
position of the detector with respect to the direction of
travel of the substrate. As a result, though the detectors

28 and 29 have an absolute entry or exit character 1n a
plant functioning in a single direction, this 1s not the case
with a plant having only one airlock and therefore func- 45
tioning first of all 1n one direction and then in the other.

In this case an entry detector 1n one direction of travel of
the substrate becomes an exit detector in the opposite
direction and vice versa.

When the substrate consists of a metal sheet, the entry 350
detectors 15 and 28 and the exit detectors 16 and 29 can also
measure the width of the sheet 1n order for example to deter-
mine the area of the sheet that 1s present 1n the treatment zone
concerned.

55
4. OPERATIONAL CONDITIONS AND
PARTICULAR CONFIGURATIONS OF THE
INVENTION
a) Control of the Gas Pressure During Treatment 60

A master program controls the opening and closing of the
airtight doors 14, as well as the switching on and off of the
vacuum pumps 30 connected to the respective vacuum ves-
sels, 1n order to maintain a constant gas pressure in the treat- 65
ment zones 3, 4, and 5 of the installation by 1solating these
zones by means of the airtight doors 14 of the entry 2 and exat
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6 airlocks when these airlocks 2 and 6 are not at a pressure
below the argon pressure prevailing in the treatment zones 3,
4 and 5. Generally, argon 1s present in these zones at a pres-
sure between 0.05 and 5 Pa, preferable around 0.5 Pa.

b) Travel System During Production

The travel system 1s characterised by the existence of two
different speed ranges, a transport speed that 1s a rapid
advance speed for the entries and exits of the vacuum airlocks
2 and 6 and a treatment speed, which 1s slower, for galvani-
sation. This 1s essential to ensure suilicient productivity by
limiting the entry and exit times of the substrates in the
vacuum airlocks. The transport speed 1s higher than the treat-
ment speed 1n order to limit transient effects. Generally the
treatment speed 1s below 30 m/min and the transport speed 1s
higher than 20 m/min/

The advance of the substrates 1s controlled by substrate
presence detectors situated on the path traveled by the sub-
strates during a complete treatment cycle and controlled by
the master program. There 1s at least one substrate presence
detector upstream and downstream of each vacuumtight door
14 enabling the substrate to pass, and at least one substrate
presence detector upstream 15, respectively 28, and down-
stream 16, respectively 29, of each 1tem of treatment equip-
ment 1n the zones 3, 4 and 5. Monitoring the signals transmit-
ted by the upstream and downstream detectors with respect an
airtight door 14 or an 1tem of processing equipment makes 1t
possible to determine the start and end of the passage of a
substrate.

The advance of the substrates controlled by the master
program 1s dependent on the opening of the airtight 1solation
doors 14 between the entry 2 and exit 6 airlocks and the
treatment zones 3, 4 and 3, itself dependent on a measurement

ol the gas pressure prevailing in these treatment zones 3, 4 and
5 of the plant.

¢) Slaving of the Treatment Equipment

Each 1tem of treatment equipment is slaved to the advance
of a substrate through the detection of the substrate by at least
one substrate presence detector situated upstream 15 and
respectively 28, and at least one substrate presence detector

situated downstream 16 and respectively 29 of the plasma
treatment devices.

d) Control of the Treatment Equipment

Each treatment device 9, 19 and 20 1s controlled by a slave
program specific to this treatment device controlling 1ts trig-
gering, the increase, maintenance and reduction of the elec-
trical power coupled to the plasma supplied for the treatment,
and finally 1ts switching off according to the signals transmiut-
ted by the detector situated upstream and downstream of said
device. The power coupled to the plasma increases propor-
tionally to the area of the substrate situated between the entry,
upstream, and exit, downstream, detectors, when only the
entry detector 15 or respectively 28 1s activated. The power
coupled to the plasma 1s nominal when the two detectors 15
and 16 or respectively 28 and 29 are activated by the substrate.
The power coupled to the plasma decreases proportionally to
the area of the substrate situated between the two detectors
when only the exit detector 16 or respectively 29, downstream
with respect to the travel of the substrate, 1s activated. The
substrate presence detectors can function according to any
principle, whether it be mechanical, magnetic, electrical or
optical.



US 9,222,162 B2

9

¢) Specific Functions of the Slave Program for
Controlling a Plasma Galvanisation Unit

Referring to FIG. 4 and considering the plasma galvanisa-
tion device 19 or 20, the slave program for controlling a
plasma galvanisation device 19 or 20 comprises the following,
functions.

control by any means, such as for example by weighing,

clectrical contact or optical measurement, and mainte-

nance of the level of liquid zinc 1n the crucible 23 via the

supply tube 24 emerging 1n the bottom of the crucible

23, by acting on the gas pressure in the vacuum vessel 21

containing the furnace 22 storing a reserve of liquid zinc;

maintenance of the internal walls of the confinement cham-

ber 25 at a minimal constant temperature, which 1s typi-

cally between 400° and 500° C., 1n order to prevent

therein any condensation of zinc in liquid or solid form:;

control of the power coupled to the plasma formed 1n the

zinc vapour via the electrical supply connected to the

crucible 23 provided by the entry 28 and exit 29 detec-

tors 1n the following manner:

as long as the entry 28 and exit 29 detectors are not
activated the electrical supply does not deliver any
power 1n order to generate the plasma 1n the confine-
ment chamber 25 or, more generally, delivers a mini-
mal power;

when the entry detector 28 1s activated by the presence of
the substrate, the power coupled to the plasma and
provided by the electrical supply 1s increased propor-
tionally to the area of the substrate contained 1n the
confinement chamber 25 1n order to reach constant
nominal power delivered by the supply when the entry
detector 28 and the corresponding exit detector 29 are
activated:

when the entry detector ceases to be activated by the
substrate, the power coupled to the plasma 1is
decreased progressively proportionally to the area of
the substrate contained 1n the confinement chamber
25;

when the entry 28 and exit 29 detectors are both mnactive,
the supply no longer delivers any power or more gen-
crally delivers minimal power.

In the case where the substrate moves from the second
galvanisation device 20 to the first galvamisation device 19,
the process would be reversed with respect to the two detec-
tors 28 and 29 since, 1n this case, the entry detector 28 would
become the exit detector and the exit detector 29 would
become the entry detector with respect to the plasma galva-
nisation device.

d. EXAMPLE OF PRACTICAL APPLICATION

A plant as shown 1n FIGS. 1 to 4 enables long steel sub-
strates to be plasma zinc plated. This plant comprises a sub-
strate loading table 31 in the introduction zone 1, an entry
vacuum airlock 2, zones 3, 4 and 3 for treating the substrates,
always maintained at 0.005 mbar of argon, an exit vacuum
airlock 6, and a table 32 for discharging the substrates in the
exit zone 7.

The treatment zone situated between the two entry 2 and
exit 6 vacuum airlocks for the substrates mto and from the
plant comprises a treatment zone 3 for activating the surface
of the steel substrates by 10n bombardment, eliminating any
surface oxide or contamination in order to atford good adhe-
s1on of the zinc deposit. This treatment zone 3 1s followed by
a transport and high-vacuum pumping vessel 10 provided
with a diffusion pump 30, a first plasma galvanisation vessel
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11, a second transport and pumping vessel 12, and finally a
second plasma galvanisation vessel 13. The latter 1s con-
nected with the exit vacuum airlock 6 through an airtight door
14. The treatment zones are in particular i1solated from the
entry 2 and exit 6 vacuum airlocks by airtight doors 14 when
the residual air pressure prevailing 1in the vacuum airlocks 2 or
6 is greater than 10~* mbar. The transport system consists of
banks of motorised rollers 17, and the substrates are trans-
ported through the plant from the introduction zone 1 towards
the exit zone 7.

The plant 1s designed to treat long substrates such as con-
crete bars and girders 12 m long at a maximum deposited 1n
bulk on the loading table 1. Thus the substrate consists of
several products extending alongside one another. The weight
of steel that can be galvanised per batch 1s typically between
500 kg and 1300 kg according to the geometry of the sub-
strates treated and the thickness of the zinc layer sought.

The treatment wequence comprises the following steps

loading of the substrate onto the loading table 31;

1solation of the treatment zones 3, 4 and 5 from the entry

vacuum airlock 2 by closing the airtight door 14;
opening the entry vacuum airlock 2 to atmosphere again;
opening the external airtight door 14 of the entry airlock 2
adjacent to the entry zone 1;

introducing the substrates at the transport speed of 60
m/min as far as the bottom of the entry vacuum airlock 2,
stopping the bed of rollers 17 by detecting the load head
at the end of the entry airlock 2 by means of a load
presence detector 33;

closing the external airtight door 14 of the entry vacuum
airlock 2;

putting the entry vacuum airlock 2 under high vacuum;

opening the intermediate airtight door 14 between the entry
vacuum airlock 2 and the first treatment zone 3;

advancing the load to be treated at its treatment speed of 9

m/min;

plasma activation treatment of the surface 1n the first treat-

ment zone 3 activated by the entry 15 and exit 16 detec-
fors;

plasma evaporation galvanisation treatment 1n the galvani-

sation device 19 activated by the entry 28 and exit 29
detectors:

plasma evaporation galvanisation treatment 1n the second

galvanisation device 20 activated by the corresponding
entry 28 and exit 29 detectors;

when the substrate 1s detected at the end of the exit vacuum

airlock 6, the airtight door 14 between the second gal-
vanisation device 20 and this exit vacuum airlock 6 1s
closed again;

opening the exit vacuum airlock 6 to atmosphere again;

when atmospheric pressure 1s reached 1n the exit vacuum

atrlock 6, the external airtight door of this airlock 6
opens;

bringing the substrate out of the exit vacuum airlock 6 at the

transport speed of 60 m/min until the end of the dis-
charge table 32 1s detected in the discharge zone 7;
discharging the substrate from the discharge table 32;
closing the external airtight door 14 of the exit vacuum
airlock 6:

putting the exit vacuum airlock 6 under high vacuum;

opening the iternal airtight door 14 between the exit

vacuum airlock 6 and the second galvanisation device
20.

At a transport speed of 60 m/min the time taken to intro-
duce the substrate to be treated 1nto the entry vacuum airlock
2, or the exit time for the substrate to the discharge table 32,
from the exit vacuum airlock 6, 1s around 12 seconds only,
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whereas the time for release of the entry vacuum airlock 2 at
the treatment speed of 9 m/s 1s around 80 seconds. In this
plant, the time for a new cycle in the entry vacuum airlock 2
1s 4 min, as against 3.41 min for a new cycle 1n the exit
vacuum airlock 6. It 1s therefore the longer time, correspond-
ing to the time of the operating cycle of the entry vacuum
airlock 2, that limits the productivity of this plant to approxi-
mately 19 tonnes per hour.

This practical example shows the advantages of working
with the highest possible transport speed 1n order to reduce
the waiting times and increase the productivity of the plant.

The loading table 31 can be loaded as soon as released.
When no load 1s detected 1n the entry vacuum airlock 2, the
latter 1s 1solated and put to atmospheric pressure again. The
same principle being applied for the exit vacuum airlock 6,
and entry and exit detectors upstream and downstream of
cach treatment unit enabling, via a slave program, control of
the electrical power necessary for the process, the system can
function between 1ts maximum production determined by the
time for releasing the entry vacuum airlock 2 and a lower
production limited by the loading of the table 31 without
requiring centralised control of all the movements and pro-
cesses of the installation because the management of the
processes depends on the detection of the substrates upstream
and downstream of the various treatment devices of the plant.

The master program, once the plant 1s ready for production,
when the nominal argon pressure of 0.005 mbar 1s reached 1n
the treatment zones 3, 4 and 5 and the crucibles 23 of the two
plasma galvanisation units 19 and 20 are supplied with liquid
zinc, controls the passage of the substrates to be treated from
the loading table 31 to the discharge table 32 as quickly as
possible while providing the sequences of putting under
vacuum and opening to atmosphere again of the entry 2 and
exit 6 vacuum airlocks as well as the transportation of the
substrates from the entry vacuum airlock 2 to the activation
vessel 8 and from the galvamisation device 20 to the exat
vacuum airlock 6 and between the treatment zones 3, 4 and 5
at the transport speed of 60 m/min and treatment speed of 9
m/min respectively.

The activation zone 3 comprises a device for plasma acti-
vation of the substrate that consists of an inductive plasma
source, supplied by a radio-frequency (RF) generator, and an
anode facing it, of accelerating the argon 1ons produced by the
inductive source towards the surface of the substrate, by
means of a direct current (DC) generator. The plasma activa-
tion device 1s controlled as the substrate passes by the entry 15
and exit 16 detectors via the following logic sequence when a
pressure of 5x107° mbar of argon is reached in the activation
vessel 8:

IF (**detector 15” = ON AND “detector 16” = OFF) THEN
REF power ON
DC power ramp up

ELSE IF (*“detector 15” = ON AND “detector 16” = ON) THEN
RE power ON
DC power to nomuinal value

ELSE IF (*detector 15” = OFF AND “detector 16” = ON) THEN
REF power ON
DC power ramp down

ELSE IF (“detector 15” = OFF AND “detector 16” = OFF) THEN
DC power OFF
REF power OFF

When an argon pressure of 5x107> mbar is reached in the
galvanisation vessel 11 of the galvanisation zone 4, the inter-
nal walls ofthe confinement chamber 25 are at 500° C., and 1n

addition the crucible 23 i1s supplied with liquid zinc, the
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plasma zinc coating device 19 1s controlled as the substrate
passes by the entry 28 and exit 29 detectors via the following
logic sequence:

IF (*detector 28”7 = ON AND “detector 29” = OFF) THEN

“crucible 23 Zn level control

Plasma power ramp up
ELSE IF (“detector 28 = ON AND “detector 29” = ON) THEN
“crucible 23 Zn level control

Plasma power to nominal value

ELSE IF (“detector 28 = OFF AND “detector 29 = ON) THEN
“crucible 23 Zn level control
Plasma power ramp down

ELSE IF (*detector 28” = OFF AND “detector 29” = OFF) THEN
Plasma power to minimal value

It should be noted that “mimimal value” may 1n certain cases
mean the pure and simple cutting of the electrical supply.
Everything depends on the power necessary for maintaining
the temperature of the liquid zinc contained 1n the crucible 23
in order to prevent 1ts solidifying. In general the power radi-
ated by the hot walls of the confinement chamber 23 suffices
and 1n this case the electrical supply can be cut off (plasma

power OFF).

The mvention claimed 1s:

1. A method for the plasma treatment of successive sub-
strates, wherein each substrate comprises one or more steel
products, comprising transporting the substrates one after the
other through at least one plasma treatment zone (3.4.,5),
varying the electrical power supplied to generate the plasma
in the treatment zone (3.4,5) progressively and proportionally
according to the area of the substrate present in the treatment
zone (3.,4,5) while the substrate 1s entering the treatment zone
and while the substrate 1s leaving the treatment zone when the
substrate 1s passing through the treatment zone (3,4.5),
wherein the substrates are moved along a straight path
through the treatment zone.

2. The method according to claim 1, further comprising
generating a plasma in the treatment zone (3,4,5) when the
substrate enters the treatment zone and deactivating the
plasma when the substrate has left the treatment zone (3,4,5).

3. The method according to claim 1, wherein the step of
varying the electrical power comprises increasing the electri-
cal power to generate a plasma 1n the treatment zone (3.4,5)
proportionally to the area of the substrate entering the treat-
ment zone (3,4,5) until a nominal operating power 1s reached
when the substrate extends along the entire length of the
treatment zone (3,4,5) 1n the direction of travel of the sub-
strate.

4. The method according to claim 1, wherein the step of
varying the electrical power comprises reducing the electrical
power to generate the plasma proportionally to the area of the
substrate present in the treatment zone (3,4,5) when the sub-
strate leaves the treatment zone until a minimal operating
power 1s reached or until the electrical supply to the plasma
generated 1s cut when the substrate has completely left the
treatment zone (3.4.5).

5. The method according to claim 1, further comprising
detecting entry of a substrate into the treatment zone (3,4,5)
and exit of said substrate from the treatment zone (3,4,5),
generating signals indicative of the detected entry and exit of
said substrate, and controlling the electrical power generating
the plasma on the basis of detection of the substrate according
to the area of the substrate present 1n the treatment zone
(3.4.5).

6. The method according to claim 5, further comprising
controlling the treatment of the substrates 1n the treatment
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zones (3.4,5) independently by a slave program on the basis
of the signals generated by the detection of the entry of the
substrate 1n the treatment zone (3.4,5) and by the detection of

the exit of the substrate from the treatment zone (3.4,5),
wherein said slave program 1s dependent on a signal sent by a
master program when physical conditions required prior to
creation of a plasma 1n the treatment zone (3,4,5) are
achieved.

7. The method according to claim 1, wherein the step of

transporting the substrates comprises transporting the sub- 1g

strates through a first treatment zone (3) 1n which the surface
of the substrates 1s activated by 1on bombardment, followed
by transporting the substrates through at least a second treat-
ment zone (4,5) in which the substrates are coated by zinc
condensation evaporated by plasma on the surface of the
substrates.

8. The method according to claim 7, further comprising, in
the second treatment zone (4,5), delivering electrical power to

15

14

the plasma and dissipating the electrical power, by bombard-
ment of 10ns 1ssuing from the plasma on the surface of liquid
zinc present 1n the second treatment zone (4,5), according to
the area of the substrate present 1n the second treatment zone
when said substrate passes.

9. The method according to claim 1, wherein the step of
transporting the substrates comprises transporting the sub-
strates to the treatment zone (3,4,5) and from said treatment
zone through an entry vacuum airlock (2) and an exit vacuum
atrlock (6).

10. The method according to claim 9, wherein the sub-
strates are introduced into the entry vacuum airlock (2) and
leave the exit vacuum airlock (6) at a transport speed that 1s
determined according to a speed of treatment of the substrates

in the treatment zone (3,4,5) and 15 greater than the treatment
speed.
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